The effect of 4 methods of application of chlordime· form and carbofuran on the uptake and persistence of their residues in rice plants was compared. The highest concentration of the residues of 2 insecticides in roots, stem, and leaf blade occurred when the insecticide, in gelatin capsules, was placed in the root zone of each hill of rice. The persistence of the insccticide residues in
The use of foliar insecticidal sprays generally has been ineffective against most of the common rice pests in the tropics where overlapping generations of sudl pests are common and where rains frequently wash the insecticides from the plants.
These problems were largely overcome by applying certain insecticides to the paddy water, soil surface or incorporating them in the top soil of the paddy fields (Koshihara and Okamoto 1957 , Kawada 1967 , Rao and Israel 1967 , Pathak 1967 , 1968 , Pathak et al. 1971 .' When thus applied these insecticides are usually effective for 20-30 days as compared to ca. 7-] 0 days effectivity of most foliar sprays. Thus, this method of application has become popular in Asia and has been investigated extensively (Fukuda 1968 , Lilly et al. 1970 , Lee 1965 971, Iwata 1973, Pathak and Dyck 1973) . Bow]ing (1970) obtained similar results in the United States with carbofuran which in laboratory experiments caused nearly 100% mortality of a leafhopper,
DraeculacePhala portola
Ball, caged on rice plants 2 h after insecticidal application.
Other methods of insecticidal applications have been investigated, such as seed treatment, seedbed treatment, and treating the roots of rice seedlings prior to their transplanting.
These methods are generally effective only for brief periods and need to be supplemented with other treatments in most of Asia where the rice crop is subjected to infestation by many insect pest species. Recent studies at the International Rice Research Institute have demonstrated that certain insecticides, placed in a capsule or used as a large granule, inserted ca. 2.5-cm below the soil surface near the base of a rice plant provide insect control for 80-100 days after treatment (Pathak et al. 1974) . This usually obviates the need for another insecticidal treatment.
However, when the insecticide is applied to the paddy water, a reapplication is needed every 20-30 days to ensure adequate plant protection. plant tissues was longer when the insecticide was in· corporated into the top soil than when the compound was applied to the paddy water. Placement of the insccticide in the root zone ill the center of 4 hills delayed absorption and translocation of the residues of chlor· dimeform and carbofuran.
We compared the influence of 4 methods of ap· plication on the levels of carbofuran and chlordime· form residues in the rice plant and the results are reported here. The 4 treatments were replicated 3 times. The treatments were: (i) 12.35 mg AI insecticide in a gelatin capsule placed 2 to 3 cm below the soil and 2-3 cm laterally from each hill 2 days after transplanting;
MATERIALS
(ii) 49.4 mg AI insecticide in a gelatin capsule placed 2-3 cm below the soil at the center of 4 hills 2 days after transplanting; (iii) granular insecticides were incorporated into the top soil just before transplanting the crop; (iv) granular insecticides were applied to the paddy water 1 to 2 days after transplanting; and (v) untreated control. All test plots were separated by mud 'levees and all insecticidal treatment were applied only once. Because of the specific g-ravity of the special granules supplied by the manufacturer, chlordimeform was applied at 13,25 mg AI in treatment (i) and at 53.0 mg AI/ha in treatment (ii). The remaining trealments were applied at 2.0 kg of the insecticides/ha. The water depth was maintained al 5 cm in all plots throughout the experiment. All other standard agronomic practices were followed.
SamPle Collectiol1.-At 5 premarked locations in each plot, a ] OO-ml water sample was collected, and these were pooled for residue analysis.
Dependingon the age of the rice plants, 10-20 randomly selected rice hills constituted a sample from 1 plot. These were separated into roots, stem, and leaf blade; chopped; and thoroughly mixed. Both the water and the plant samples were stored at -10°C until analyzed.
Analytical melhod5.-Chlordimeform in Plant Tissue.-Chopped plant samples (20-25 g) were hydrolyzed with acetic acid, followed by sodium hydroxide, to 4-chloro-o-toluidine, which was diazotized. The diazo moiety was then exchanged for iodine by treatment with potassium iodide (Geissbiihler et al. 1971 ). The iodinated derivative was determined by electron capture gas chromatography.
Plant samples fortified at 0.1 ppm showed good recovery (90%).
The iodinated derivative was analyzed on a Varian Aerograph model 204B fitted with a H' electron capture detector.
A 5 ft X 1;8 in. ID spiral borosilicate g'lass column was packed with 3';'0 silicon SF 96 on Gas Chrom Q 80-100 mesh (V<lrian Aerograph) . The injection port temperature was 130°C, while that for the column was 120°C.. The temperature of the detector was 200°C and cell voltage was fixed at -90 volts DC. The flow rate of the nitrogen carrier gas was 28-30 ml/min. Under these conditions, the iodinated derivative had a retention time of 2.38 min.
Carbo[uran in Paddy Water.-Paddy water (50 ml) was extracted 3 times with 50 ml methylene chloride in a 250 ml separatory funnel by shaking manually for one minute.
The organic phase was washed quickly twice with 50 ml of cold 0.25 N sodium hydroxide.
The organic fraction was dried with the addition of anhydrous sodium sulfate. The extract was concentrated to ca. 1 ml ill a rotary evaporator. The carbofuran content was determined by reaction of the residue on a steam bath for 30 min with 0.5 ml of 1% I-fluoro 2,4-dinitrobenzene in 25 ml pH 9 borax buffer solution and 50 ml acetone (Fullmer ] 974).' The 2,4-dinitrophenyl ether produced in this reaction was determined by gas chromatography after extraction in hexane. Plant samples were fortified at 0.2 ppm and had a carbofuran recovery of ca. 90%. The 2,4-dinitrophenyl ether of carbofuran in hexane extract was analyzed by gas liquid chromatography in a Varian Aerograph !\rodel 1700 equipped with a Ni"" electron capture detector. The spiral borosilicate glass column (7 ft X 0 in. 00) was packed with 5% DC200 silicone on Gas Chrom Q, (Cook et al. 1969 ). An additional 100 ml were used to wash the reflux flask and condenser, and 200-300 The methylene chloride layers were combined, dried with sodium sulfate, and concentrated to ca. one ml by a rotary evaporator under vacuum.
Clean-up and separation of the carbam<lte from the phenols were carried out in a column of 10 g of adsorption alumina (Bowman and Beroza 1967 Waler.-The lowest level of catbofuran during the 1st 10 days was recorded in the treatment in which the insecticide was placed in the root zone of rice plants (Table I ). The highest level of residue in standing water occurred in those plots where the insecticide granules had been broadcast on the soil surface. This was expected since the carbofuran on the soil surface was in direct contact with the standing water. The low concentration of insecticide in the paddy water in those plots where it 11ad been applied to the root zone is highly desirable because it would be less hazardous to fish in paddy fields and would provide less contamination to the other sources of water. Several species of fish exposed to various concentrations of carbofuran formulations for 96 h were able to tolerate higher levels of carbofuran (0.21-4.1 ppm) than DDT (0.01 to 0.05 ppm) (Anon. 1970) and exhibited a median tolerance for carbofuran which was higher than the concentrations observed in the present study. This suggests that fish to the shoots in all treatments. However, the concentration of the insecticides was highest where each hill received the root zone application (Table 2 and Fig. I ), because the roots are in direct contact with the insecticide.
The minimum concentration of insecticide in plant tissue occurred during the lSI 20 days after the insecticides were placed at the center of 4 hills. However, the concentration increased ca. 40 days after application, indicating that the plant roots reached the site where the insecticide was placed. Probably the roots of the plant during the 1st 20 days did not have access to the insecticide and the amount absorbed by the plant may be attributed to the lateral movement of the insecticide in the soil and water. Bowling (1970) recorded that carbofuran applied to flooded rice moved laterally 22.5 cm in 48 h in quantities toxic to leafhoppers.
This fact is critical because it emphasizes the importance of placement as a factor that influences the absorption and translocation of insecticides in rice plants.
The concentration of both insecticides in' stem and leaf blade tissue was highest in plants from plots where the insecticide had been placed in the root zone of the individual hills. A maximum concentration of ca. 44.5 ppm chlordime£orm and its metabolites was recorded in shoots 5 days after application (Fig. 2) and 9 ppm at 40 days after treatment, as compared with the highest concentration of only 4 ppm at 5 days after application of the insecticide to the paddy water.
At present, the paddy water method of application is the most effective method used for pest control in paddy rice. Thus, the significance of the effectiveness of applying an insecticide at the root zone is obvious.
The pattern of absorption and translocation was similar in plots treated with carbofuran; the concentration was greater in the leaf blades than in the stem in all treatments (Table 3) . A maximum COIlcentration of ca. 69 ppm of carbofuran in plant shoots occurred where the insecticide was applied to the root zone; more than 90% were concentrated in the leaf blade. A high concentration of the insecticide in the leaf blade is significant for plan t protection, because Hydrellia philiPpina Ferino and leafhoppers, Nephotettix spp., initiate feeding' on the leaf blade of the rice plant. The concentration of the insecticide in plant shoots 40 days after treatment was ca. 7 times greater when the insecticide was placed in the root zone as compared with the broadcast application.
The persistence of both insecticides in plant tissue was greater when the compound was incorporated into the soil than when it was only broadcast on the soil surface. The concentration of chlordimeform in the tissue 40 days after treatment of rice plants grown in plots where the insecticide was incorporated into the soil was comparable to that at ] 0 clays when the insecticide was applied to the paddy water. Simi- Table 3 .-Effect of the method of application on the concentration of carbofuran in the leaf blade of IR20 rice plants, IRRI, 1974. FIG. 2.-Effect of the method of application of chlor· dimeform on the level of ch]ordimeform residue (chlor· phenamidine HCI and metabolites) in the stem and leaf blade of rice plants, IRRI, 1973. • DT = dar' afler Ireatmelll: Lrare = less Lhan 0.00'> ppm. insects for a longer time than when it is broadcast to the paddy water. A single application of an insecticide to the root zone of a rice plant was found to be comparable to 3-4 applications of the chemical to paddy water (Pathak et al. 1974) . Additionally, in· corporation of an insecticide into the top soil affords greater crop protection than applying the compound to the paddy water because its residue has a long persistence in the plant tissue. Apparently, the in· secticide below the soil surface is available to the roots of the rice crop. Also, degradation caused by photodecomposition and losses due to physical fac· tors, such as seepage and runoff, are minimized.
Crop Protection .-Placement of insecticides in the root zone of each rice hill or incorporation into the paddy soil significantly reduced the incidence of dead hearts caused by attack of the Asiatic rice borer, Chilo slIppressalis (Walker), (Table 4) . Carbofuran applied to paddy water was effective in controlling H. philippina only during the early stages of crop growth but did not control the Asiatic rice borer which caused dead hearts. The level of carbofuran residue in the stem and leaf blade of the rice plant during the 1st 20-25 days appeared to effect good control of this insect (Table 3) . None of the treat· ments effectively reduced the incidence of white heads which occur during the later stages of the growth of the rice plant.
The low concentration of carbofuran residue in plant tissues at 80 to 100 days after treatment was probably not adequate to kill borer larvae feeding in the stem of the rice plant.
Generally, plots protected from insect damage had significantly higher grain yields than the untreated control.
However, the grain yields were significantly higher ill treatments where carbofuran was applied to the root zone of each hill or incorporated into the soil prior to transplanting than when the chemical was applied (2 kg AI/ha) once to the paddy water. The grain yield of plots where the insecti· Apparently, in both cases, more insecticide was in direct contact with the roots of the plant when the chemical was incorporated into the soil than when it was broad· cast to the paddy water.
The present study indicates that application of an insecticide to the root zone protects rice plants from JOURNALOF ECONOMICENTOMOLOGY Vol. 69, no. 5 cide was placed in the soil among 4 hills and that of the plots where the compound was applied to the paddy water did not differ significantly.
The high concentration of carbofuran residue in the tissue of rice plants in plots where the insecticide was placed in the root zone of each hill or incorporated into the top soil contributed significantly towards increasing the grain yield over that of plots where the insecticide was applied to the paddy water. Thus, the advantage of these 2 methods, particularly that of applying the insecticide to the root zone of paddy rice, in protecting the crop from tropical rice pests is clear.
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